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SUMMARY

The scope of this report includes the design, fabrication, testing and
document preparation for the Flameless Ration Heater (FRH) leading up to, and
including, its adoption by the Joint Services. In addition, this report
contains an historical background of flameless ration heating concepts that
were examined between the years 1973 and 1988, prior to the development of the
FRH.

The FRH for the Meal, Ready-to-Eat (MRE) Ration was developed to provide a
solution to the persistent "cold ration problem" often experienced in the
field. After surveying commercially available self-heating products, a
chemical heating pad composed mainly of magnesium and iron was selected as the
optimal heating device. A packaging system which integrated this chemical
heating pad was specifically designed to heat the MRE entree. The FRH
packaging system consisted of the chemical heating pad enclosed in a paperboard
cover and sealed in a high—density polyethylene heater bag. Instructions for
using the FRH were carefully developed and printed directly on the heater bag.

The FRH was tested and evaluated extensively for its ability to meet
military users' needs. The FRH was found to efficiently and adequately heat
the MRE entree in approximately 12 minutes, and could be carried in the
soldier's battle dress uniform (BDU) pocket during the heating process. The
FRH was operable and easy to use in a wide range of ambient temperatures and
climatic conditions. It was safe, lightweight, required only 2 ounces of water
to activate, and was logistically supportable. The producibility of the FRH
was examined and a Technical Data Package was prepared. The performance
oriented specification drew competitive bids, and the overall cost of the FRH
was shown to be significantly less than the existing fuel bar method of
heating. Several transportation and storage issues involving the hazardous
classification of the FRH were resolved.

The FRH was adopted for issue in bulk in May 1990 and was added to the
Federal Supply Catalog for Subsistence. Open-ended contracts for 51 million
FRHs were awarded in April 1991. Approximately 4.5 million FRHs were shipped
to Southwest Asia in support of Operation Desert Storm. In September 1991, the
FRH was adopted as an integral component of the MRE. Beginning in 1993 with
the assembly of MRE XIII, one FRH will be packaged with each meal to ensure
that every soldier receives a hot meal in the field.



DEVELOPMENT OF THE FLAMELESS RATION HEATER
FOR THE MEAL, READY-TO-EAT

INTROUUCTION

Historical Background

The need to provide soldiere with a device for heating individual military )
rations was recognized long before the development of the Flameless Ration
Heater (FRH). Prior analyses of heating systems showed that an optimal device
far heating rations in isolated areas would be lightweight, safe and convenient
to use, irexpensive, require little or no set up, heat food rapidly, allow v
heat-on-the-move cipability and not prcduce a flame. A flameless heating

davice could be used at night without producing a visual gignature and would
not be affected by wind or inclement weather.

The investigation into the design and optimization of a flameless heating
davics for individual rations began in 1973. The U.S. Army Natick kesearch,
Cavelopment and Engineering Center (Natick) contracted Power App)ications nc.,
Long Island, NY to determine the feasibiiity of ush’q,&hei:
sslf«:mtainedelect.rodmanicalheatsam,?ot ,asamansot
heating the Meal, Ready-to-Eat (MRE) entree.* Hot Sheet was a nontoxic,
electrochemical heating element which consisted of a magnesium anocde, a carbon
electrode and an electrolyte salt. Patent claims suygested that it cculd be
used to haat a pan of food by simply adding water to the Hot Sheet assembly.
At the completion of this cuntract, it was determined that the Hot Sheet
heating element geametry and configuration would have to he modified, optimized
and integrated into a package to effectively heat the packaged entree.

In 1980 Natick learned that the Navy's Civil Engineering laboratory was
also conducting research on electrochemical reacticns for marine release
devices, buoyancy devices and heated diving vests. The Navy's technology,
based on powder metallurgy, was thaaght to be more cost effective than the Hot
Sheet technology. Since the Navy had a related ongoing contract with the
University of Cincimnati, Natick provided additional funds to expand the
university's cantract. This contract resulted in the develcpment of a portable
electrochemical heater f~r the MRE entree, referred to as the Dismounted Ration
Heating Device (DRHD).*

The IRHD utilized chemical heating pads camposed of supercorrding
magnesium-iron (Mg-Fe) alloy powder dispersed in a porous polyethylene matrix.
The DRHD consisted of an insulated pouch, two heating pads attached to the -
inside surfaces of the insulated pouch, and a separate pouch, containing a
saline solution, which was glued to the outside of the insulated pouch. To use
the DRID, the MRE entree was inserted into the insulated pouch between the two
heating pads, amd the si.line solution was addec to initiate the heating
reaction. Two thousand DRHDs were mamufactured and delivered to the U.S. Army
for testing.




In 1982 the DRHD was evaluated during a Force Development Testing and
Experimentation (FDIE) of the Combat Field Feeding System (CFFS) at Fort Hood,
TX. Other devices for heating the MRE entree were also evaluated, including
the Mounted Ration Heating Device (MRHD) and the canteen cup heater (CCH). The
MRHD was designed to operate off a vehicle's power supply. It consisted of a
fabric pouch containing five electrical resistance heating elements which could |
heat four MRE entrees at a time. The CCH consisted of a metal stand, a canteen
cup and trioxane fuel bars. The fuel bars were used to boil approximately 12
ounces of water in the canteen cup and the entree was heated by hot water
submersion. The heating devices evaluated during the FDTE are shown in Figure
1. The DRHD was found to heat the MRE entree to an acceptable level in 3 to 11
minutes and was well accepted by the soldiers. However, it was also gonsidered
to be too bulky and too fragile to use in an operational environment.

PRI

Figure 1. FDIE Heating Devices

Between 1983 and 1986 the inventors of the chemical heating pads used in ?
the DRHD obtained a patent on the construction of the flexible heating pad
material for food heating and medical applications.4 Soon after the patent
was filed, the principal inventor formed a corporation called ZestoTherm Inc.
in Cincinnati, Chio. ZestoTherm continued to modify the heating pad by adding
sodium chloride directly to the pad matrix so that plain water could be used to
activate it instead of salt water. This heating pad later became a
commercially available food heater called the ZT Energy Pad,  ZestoTherm
also developed several cooking pouches for heating prepackaged foods with ZT
Energy Pads.

In 1986 the U.S. Army Development and Employment Agency (ADFA) conducted an
evaluation of the effectiveness of two types of Ration Heating Units (RHU) for
heating the MRE entree: the flameless Combat Ration Heater (CRH), which was



the 7T Energy Pad (heated in the MRE meal bag), and the CCH. Both RHUs were
found to be marginally effective in heating the MRE entree. The CRH did not
always generate enocugh heat to adequately heat the entire entree arnd left an
unappealing residue (magnesium hydroxice) on the entree pouch. It was also
sugggsted that the CRH should be made an integral part of the MRE to facilitate
use,

In February of 1988 the Human Factors Branch of the Soldier Science
Division (SSD) conducted MRE Focus Groups at Fort Carson, OO to elicit opinions
on three types of imdividual ration heaters: two versions of a Canteen Qp
Stand (CCS) with trioxane fuel bars, and the CRH. The two versions of the CCS
differed in the stand height and width, and the CRH utilized the MRE meal bag
as a container for heating the entree (Figure 2). The majority of soldiers
preferred the CRH system over the canteen cup with the OGS, mainly because the
CRH was campact ana disposable, whereas the canteen cug with CCS was just "one
more piece of equipment" to carry and clean after use.

Piace ZTCRM in

the Ration Bag
with an N
MRE pouch,. N Qe

<

Pour in i; cup of water.

Fir - 2, Flameless CRH in MRE Meal Bag

From April 30 through May 7, 1988, the Quartennaster Cammand and School
(MCES) conducted a field evaluation of the CRI{ during the Market Square II
field exeicise at Fort Bragg, NC. Again, the CRH consisted of the ZT Energy
Pad and an instruction card, with the MRE meal bag being used as the heating
container. ‘Iwenty-six soldiers of the 82nd Airborme Division completed
questionnaires on the CRH. The (Rl was generally well received, and 100% of
the respondenj%s said they preferred heating the MRE with the CRH more than any
other method.




When suveyed on methods used to heat entrees in previocus field exercises,
soldiers frequently reported they ate their MREs cold because of time
constraints or the lack of a heat source. When asked what methods they used to
heat the MRE entree, soldiers reported using the canteen cup with fuel bars,
the canteen withtheca;EM >n cup ard fuel bars, z squad, yukon or
Optimus Ranger™' stove, or Stermo Mounted soldiers reported that they
would sanetimes heat the entree by placmg it on the vehicle's engine block or
exhaust manifold. It was evident from these preliminary evaluations that a
flameless, disposable, fast and easy method for heating the MRE entree was
stromly desired by soldiers as an altermative to the canteen cup stand.
However, it was also evident that significant modifications to existing
flameless heater prototypes would be required to effectively heat the MRE
entree. Specifically, prototypes could be inmproved by providing a convenient
method to accurately add the activating water, reducing heater by-products such
as vwhite residue and chemical odors, and designing a lighter, less bulky ard
easy-to-handle packaging system.

Progvam Initiation

l'ollowing the successful development and type classification of the canteen
arp stand, the U.S. Marine Corps (USMC) continued to have cchcerns regarding
the 'Nerall effectiveness of the canteen cup stand/fuel bar method of heating
MRE
entres. The USMC's primary concern pertained to the logistical availability
of the trioxane fuel bar and the time it took to heat the entree, particularly
in cold weather. 1In October 1988, the USMC sponsored a Military Service
Requirement (MSR) to evaluate the possible use of chemical heaters. The
success of a prototype heater demonstrated in a preliminary field exercise
galvanized Army interest, and the MSR became a Joint Service Requirement (JSR)
in August 1989.

In responce to the MSR, the "Self-Heating for the Year 2001" program was
initiated in FY89 and managed by the Food Engineering Directorate (FED). The
rain adbjective of the program was to provide a more convenient and effective
method of heatim; the MRE entree than the trioxane fuel bar amd canteen cup
stand method. In addition, the method of heating would provide a flameless
alternative to the standard trioxane fuel bar. A two phase Reqmrgment
Technical Plan for "Self-Heating for the Year 2001" was developed
abjective of Phase 1 was to develop a flameless heating mechamsm for the MRE
vhich would be integrated as a primary package camponent or as an adjunct to
the meal. Phase II involved the development of an entirely new shelf-stable
ration in a self-heating package (SHP), which later evolved into the
Self-Heating Individual Meal Module (SHIMM). The scope of this report is
limited to efforts conducted uder Phase I, which involves the development of
the Flameless Ration Heater (FRH) for the MRE.




AQQUISITION STRATEGY

The Chief of Staff, Army (CSA) issued a challenge to all involved with the
Army Field Feeding System (AFFS) to develop a simple, easy method to provide
not meals to front line soldiers. The CSA saw this as a key AFFS issue and
requested that initiatives be taken immediately and efforts intensified to make
1989 the year of the hot ration. The stage was set to expedite the "Self
Heating for the Year 2001" program. An acquisition strategy was developed that
would lead to adoption of the FRH one and a half years after the program was
initiated. First Unit Equipped occurred September 1990 during the onset of
Operation Desert Shield, 13 months after the Army issued its Statement of Need
(SON). A camplete integrated program schedule is outlined in Appendix A.

To expedite the schedule, the requirements of AR 70-1 were selectively
tailored. The FRH was categorized as an expendable, nonaccountable item.
Therefore, it did not require type classification and the need for a formal
Required Operational Capability was avoided. The acguisition strategy called
for adoption of the item from Ergineering Development (category 6.3) on the
basis of the SON provided by the Quartermaster Certer and School (QMCES).
Exoceptional cooperation was provided by the independent technical testers (Cold
Regions Test Center and Dugway Proving Ground), technical evaluators (Test ad
Evaluation Command), operational testers (Airborme and Special Operations Test
Board), and combat developer (QMC&S). Normal lead times for tests were cut
fram years to months and independent assessments were equally responsive. The
introduction of the Soldier Enhancement Program (SFP) provided funding to
conduct producibility tests so that when the technical data package was
transitioned to the Defense Personnel Support Center (DPSC), the first
procurements were accomplished in accordance with cost projections.




DEVELOFPMENTATL:, APPROACH

To initiate the "Self-Heating for, the Year 2001" program, a detailed
technical approach to develop a suitable FRH for the MRE was formulated. It
included conducting a market investigation of potentially applicable
self-heating devices, selecting the most suitable device, designing a prototype
packaging system to integrate the heating device with the MRE entree, examining
the requirements of military users, testing and evaluating prototypes,
finalizing the FRH design, preparing procurement documents, and performing
extensive technical and operational tests. The ultimate goal was to
incorporate the FRH as an integral component of the MRE to ensure all soldiers
would obtain a hot meal in the field.

Market Investigation

A market investigation of cormuercially available self-heating devices
and/or self-heating meals was initiated in October 1988. Samples of chemical
heaters, which released heat through hydration, thermite, neutralization and
ox1dat1ve reduction (electrochemical) reactions, were obtamed and evaluated
for their potential ability to heat the MRE entree. Figure 3 depicts the
variety of self-heating items obtained from the market search. A literature
search and subsequent evaluation of various self-heating principles are
outlined in Table 1.

Figure 3. Market Investigation of Self-Heating Devices




Table 1. Evaluation of Self-Heating Principles

Heat Output
Reactants keal/bol  _Btuab Comments
MyCl, + H,0 ~38.13 721 no strong acid or base
My + H,0 -84.88 5643 produces hydrogen gas
KOH + H,0 -13.77 442 strong base
Cao + H20 -15.95 501 camonly used, low cost,
high weight and bulk .
Sro + H,0 ~21.78 322 no advantage over Ca0 + H,0
BaO + H,O =52.92 302 madvantagecverChO+H20
Ca0 + H -50.00 411 strong acid <
NaCH + HCL -23.99 565 strong acid and base
My (CH), + HCL =27.22 373 strong acid
Fe + O =197.00 3169 difficult to control
Fe + -131.80 554 no water required
Al/KC10 3‘3504 1058 many reactions possible
HyPO, + KOH -80.39 644 strong acid and base

Selection of Heatir j Mechanism

The heating mechanism most capable % heating the MRE entree was determined
to be the electrochemical 2T Energy Pad™  produced by ZestoThernm (Figure 4).
Preliminary field evaluations had already proven the Energy Pad's ability to
heat the entree to same extent. The challenge would lie in improving the
convenience and efficiency of the ZT Energy Pad by integrating it into a
packaging system specifically designed for heating the MRE entrer. and in
resolving previous user complaints regarding residue and odor by-products of
the chemical reaction.

ZT Energy Pads were procured fram ZestoTherm to further examine their
chemical properties and functional capabilities. The Eergy Pads consisted of
two components--an outside paperboard cover and a flexible chemical heater
pad. The paperboard cover was folded and stapled around the heater pad to
provide rigidity and protect the heater pad from crumbling. The chemical
heater pad was camposed of the following nontoxic ingredients: magnesium metal
powder, iron powder, ultra-high molecular weight polyethylene (UHMWPE),
high-density polyethylene (HDPE), fumed silica and linear alcchol alkoxylats.
Theomgredlents were blended, formed into pads and sintered at approximately g
135-C.

The electrochemical heater pads are activated by the addition of water. .
After reacting with water, a nontoxic residue is produced which consists of a
weak solution of magnesium hydroxide [Mg(OH),] in a saline solution. The
reactions and reaction products between the magnesium anode and iron cathode
are divided into three types:

1. Electrochemical Reaction:
Air Cathode: O, + 2H+20 + 4e -~-9 40H™
Anode: 2Mg — 2Mg + 4de
Net Electrochemical Reaction: 2Mg + O, + 2H,0 —— 2Mg(CH),

8




2. Corrosion Reaction:
Mg+ 2}10—-—-)1\41;;;(0141)2 + Hy

3. Hydrolysis Reaction:
MgCl, + H,0 + OH  -—-2 Mg(CH)Cl - (H,0) + CL~

The resulting reaction by-products are magnesium hydroxide, hydrated
magnesium hydroxy chloride and hydrogen gas. After full activation of a 20
gram heater pad, the residual material consists of NaCl, Mg(OH),, iron oxide
powder, UHMWPE, HDPE and small amounts of silica and lmear alcohol
alkoxylate. The resulting magnesium hydroxide and saline residue has no
adverse affect on polymeric materials such as mylar or polyester. Therefore,

the heater pad will not damage the outer layer of the MRE entree retort pouch,

which it directly contacts during the heating reaction.

Figure 4. ZT Energy Pad ™
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Design of a Prototype Packaging System

'Ihe.l“RH packaging system was designed to serve two purposes;
protective packaging for the heater pad prior to use, and flmctioggi‘aieheater
bgg for.the 8 ocunce MRE entree. The FRH package would be designed to be
lightweight, compact and easier to use than previously tested flameless heater
prot‘:otypeﬁ, i1.e., DRHD and CRH. Since the heater pad was designed to be
activated by the addition of water, it was critical that the FRH package would

Isatr;:'vent accidental activation of the heater pad during shipping, handling and
rage.

In addition to the ZT Energy Pad, ZestdTherm p line of ated
cooki clmaxﬁtraysinclgfﬂimﬂlezmmodw , Side Kik™?,
SofPak™" and the Zesto Kitchen™’. After evaluating the cooking pouches, it
was determined that they were too intricate, bulky and costly to be issued with
each MRE. Also, they did not provide protective packaging for the heater pad.

A variety of packaging films were considered for the construction of a
heater bag. The film would require the properties necessary to withstand the
temperatures achieved during the heating reaction (up to 212°F) and the
chemical constituents of the heater pad by-products (Mg(OH),, salt water,
steam and H,). A transparent film was desired so that the amount of
activating water, which would be added to the heater pad inside the heater .
could be measured according to fill-lines printed directly on the bag. This
would eliminate the need for the soldier to premeasure the amount of activating
water. For this reason, an opaque film, such as alumimm foil or a trilaminate
material containing foil, was not chosen as the heater bag material.

High-density polyethylene (HDPE) film was ultimately selected as the heater
bag material based on its mechanical, thermal and chemical resistant
properties. HDPE film is produced by blown film extrusion and, in addition to
having great tensile strength, has anisotropic properties that allow it to tear
evenly in one direction only. Such characteristics have great utility in a
package that must protect the heater pad and safely heat the MRE entree. As
the density of the polyethylene increases, the melting point of the film and
its chemical resistance increases. Thus, a heater bag constructed of HDPE film
would be able to withstand the temperatures encountered during the heating
reaction as well as the chemicals contained in the heater and its by-products.
HDPE films also provide an excellent barrier to moisture or water vapor, but a
relatively poor barrier to other gases. An HDPE bag would sufficiently prevent
water vapor (from humidity or condensation) from permeating the bag during
storage, which will help prevent accidental activation of the heater pad.

A prototype heater bag was constructed of HDPE film that met the Food and
Drug Administration (FDA) requirement for plastics in contact with food under
FDA Regulation 121.2501. The prototype configuration allowed roam for the
addition of the MRE entree and approximately two ounces of activating water at
time of use. The required inside dimensions of the bag were 14 inches in
length ard 5 inches in width. A range of film thicknesses between 1 and 5 mils
were tested. It was found that a film thickness of less than 2.5 mils did not
withstand the heat produced by the reaction, due to the formation of small
holes in the film. A film thickness greater than 2.5 mils was very stiff and
inflexible, and did not provide any advantages over the thinner gauge. A film
thickness of 2.5 mils was determined to be optimal for the heater bag.
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A contract was awarded to TUFPAC, Inc., Ossipee, NH to manufacture
prototype heater bags for in-house testing and evaluation., It was
that heater bags be manufactured with side seals so that tear notches could be
placed in the side seal areas to facilitate opening the bag at time of use.
Because of the anisctropic properties of HDPE film, tubular bags that are
formed via blown film extrusion would tear only in the machined direction (frum
top to bottam). In order to manufacture bags that would tear in the transverse
direction (across the width of the bag), the extruded tube was collapsed into a
flat film, re-oriented in a direction perpendicular to the machine direction,
then formed into bags on a side—weld machine. Tear notches were applied in two
locations on the side seal; one at the top of the bag for initial opening, and
the other in the middle of the bag to remove the hot MRE ertree after heating.
Two fill-lines were printed on the bottam of the bag; the top line at a
location equivalent to approximately 2 ocunces of water. A volume of water
added to a level between the lines would activate the heater pad (Figure 5).
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Figure 5. FRH Heater Bag

11




The heater pad, enclosed in a paperboard cover and sealed in the heater
bag, constituted the first prototype of the FRH packaging system (Figure 6).
Prior to opening, the heater bag adequately prevented water frum accidentally
entering the bag and activating the heater pad since it was hermetically sealed
on all sides. The paperboard cover was originally stapled closed on three
sides and folded on the fourth side around the heater pad, and had nine holes
to allow water penetration into the pad. However, the cover was later modified
with the addition of a polyethylene coating so that it could be heat-sealed
rather than stapled around the heater pad (to avoid puncturing the heater bag),
and a variety of hole patterns were allowed.

5.5"
45" OPERATING
§ INSTRUCTIONS 2.5 mil
) .- HDPE
< 4 N\ —— | 1 mBac
\ ®o oo e
5 5"
e o O
N \ J
HEATER PAD o0
HEATER PAD IN
PAPERBOARD COVER L
® & ©

PACKAGED END
ITEM FRH

Figure 6. FRH Packaging System Prototype

The Human Factors Branch of the Behavioral Sciences Division, SSD, assisted
in the development of operational instructions which were flexographically
printed on the heater bag. The instructions were simple pictorials with
accompanying written instructions demonstrating how to use the FRH to heat the
MRE entree (Figure 7).
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OPERATING INSTRUCTIONS

Remove MRE pouch from
carton and save carton

sAq Tear off top of bag.
Place MRE pouch in
MRE
PCYCH

HEATER

beg with water. 3 @

While holding MRE pouch and 'O
- - heater above iines on bag,
s \l“?a pour water into bag until {t
reaches a leve! between lines.
Siide hesler and MRE to
dottom of bag, and foid top of
Dag 10 side opposite heater,

FILL TO UNES
4 (0O NOT OVERFILL) = ==

With hester UNDERNEATH
MRE, hold bag ieve! for

8 few minutes to Iet heeter
808k Up water.

FOLD
5 (ON TOP OF MRE)

When heoter becomes warm,
stuff assembly into carton

with 1op of bag folded over MRE
top of MRE and hester
undernaath. HEATER
(UNDERNEATH
MRE)
CARTON

To prevent water from escaping snd
6 fo mazimize heat outpul. alwayvs keep;
*HEATER localed UNDERNEATH MRE;
*BAG fcided OVER TQP n! MRE; and
*CARTON INCLINED, with FOLDED END
of bag UP.

FOLDED END

HEATER

ROCK OR

SOMETHING After fiheen minutes top half

of bag can be torn off snd the

INCLINED

MRE can be removed and seten

Figure 7. FRK Operational Instructions
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Joint Service Requirements for the FRH

By August of 1989, the Chief of Staff, Army, and the Army Food 2000 Task
Force recegnized the urgent need for a safe, reliable method for dismounted
soldiers to heat MRE entrees, and that a hot neal was essential for maintaining
a soldier's morale and warfighting capability. They recognized that the FRH
system would ensure that dismounted soldiers would have a safe, reliable and
resource efficient means of heating the MRE entree. Thus, the origiral Marine
Corps MSR became a Joint Service Requirement (JSR), and the U.S. Army
Quartermaster Center and School (QMC&S) provided Natick with a Statement of
Need (SON) for the FRH packaging system. ‘the SON outgined the required
technical and operational characteristics of the FRH.” The need for the FRH
was justified by identifying the deficiencies of the method of heating the MRE
entree which existed at the tine. The dismounted soldier's method for heating
the entree required the use of the canteen cup, canteen cup stand, 12 ounces of
water, two to three 15 gram trioxane fuel bars and matches. The procedure was
time consuming, water consuming, required the soldier to suspend his mission,
and produced a signature flame which could possibly identify the soldier's
position. Moregver, the soldier was often unable to get fuel bars because they
are purchased and issued separately from rations (i.e., the motor sergeant
instead of the mess sergeant). Efforts to package the fuel bars with the MRE
had been unsuccessful due to regulatory provisions preventing the packaging of
fuel with food.

The SON listed the following required technical and operational
characteristics for the FRH. The following criteria were considered to be
preliminary and subject to change by the combat developer:

(1) The FRH must be capable of raising the temperature of an 8 ounce
entree to 80°F, or to a temperature of 140°F, in 20 minutes or less from an
ambient temperature of 40°F. (This requirement was later modified to
increase the temperature by 100°F in 12 minutes or less). The ability to
heat a canteen cup of water was not considered to be a critical requirement for
the FRH. However, this was recognized as a serious drawback of the FRH system.

(2) The FRH nust be operable in ambient temperatures from -25°F to
110°F, provided that at low temperatures the heater and MRE are not frozen so
as to cause the activating water to freeze. wever, procedures were later
developed for heating frozen MRE entrees w.ich two FRHs.

(3) The FRH and its by-products must be nontoxic and nonhazardous as
required for use with food and air, ground and sea transportation and storage,
and must comply with applicable safety and health design requirements.

(4) The FRH shall weigh no more than the current method (i.e., two
trioxane fuel bais weigh 30 grams).

(5) The FRH shall require no more water than the current method (i.e.,
cante n cup regquires 12 cunces of water).

(6) The FrH shall have an effective shelf life of at least 3 years when
held under any environmental condition.
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(7) The FRH shall be capable of meeting Manpower and Personnel Integration
(MANPRINT) requirements in the areas of logistics, supportability, safety amd
human factors engineering.

Test and Evaluation Issues and Criteria for FRH performance, campatibility
with the MRE, safety, human factors engineering, effective operation by
representative personnel and logistics supportability were also itemized.

Testing and Fvaluation

The FRH prototype was subjected to a series of tests and evaluations to
ensure all of the rejuired technical and operational criteria outlined in the
SON were met. A Test and Evaluation iaster Plan (TEMP) for the Adoptian of an
Integral Hzater for the MRE was preparelfo and included a review of previous
tests and an outline of proposed tests.™” Specifically, a cambination of
in-house ard outside agency tests and evaluations would address the fellowing
criteria: FRH operability in a range of ambient temperatures; technical
criteria including weight, watr amd shelf life requirements; FRH and
by-product safety and toxicity:; and MANPRINT requirements in the areas of
logistics, supportability, safety and human factors engineering. Issues
relative to hazardous transportation and storage were addressed briefly at the
time. However, this later became a critical area of concern when federal
requlations were updated and revised.

a. OPERABILITY: The performance requirement for the FRH to increase the
temperature of the entree to 150°F was based on prior research into the
optimal serving temperature of food. Assuming a scenario in which a soldier
received an MRE between 32 and 40°F, the FhH was regquired to heat the entree
to the optimal serving tenperature of 140°F. In-house tests revealed that
the FRH was capable of increasing the temperature of the 8 ounce entree fram an
initial temperature of 40°F to a final temperature of 140°F in 12 minutes
or less.

To determine the performance of the FRH in environmental temperature
extremes ranging from -25°F to 110°F, in-house tests were conducted at
controlied temperatures of 0°, 40° and 110°F. Tests were not conducted
at ~25°F due to the unavailability of a testing chamber. However, data
obtained from tests conducted at 0°F were considered to sufficiently reflect
FRH operability at low temperature extremes, provided the MRE entree and
activating water were not frozen. With the exception ot the test conducted at
0°F, the FRH heater pad, activating water and MRE entree were all conditioned
at the same controlled room temperature (i.e., the FRH, activating water and
MRE entree were conditioned to the temperature of the room). At O0°F, the
activating water was corditioned to 35°F to prevent it from freezing, since
in actual use the water will be in its liquid state. A frozen MRE required two
FRHs to increase the entree by 100°F. The first FRH reaction thawed the MRE
in approximately 10 minutes. When a second FRH was added after the first
reaction (in the same heater bag), the second FRH increased the entree 100°F
in less than 12 minutes. Special operating instructions were developed for
heating frozen MREs (Figure 8). When the test was conducted at 40°F
controlled room temperature, only one FRH was required to increase the entree
(also at an initial temperature of 40°F) by 100°F. It appeared that cold
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activating water slowed the initial activation of the heater pad. However,
once the pad absorbed the water within the first 2 minutes, the reaction
progressed at a normal rate. At 110°F, the reaction was accelerated by the
addition of hot water, and it took less than 5 minutes to bring the entree to

an optimal serving temperature.

OPERATING INSTRUCTIONS

SPECIAL INSTRUCTIONS FOR FROZEN MRE:

*Use two heaters: one to thaw, one to heat

*To thaw frozen MRE: Follow Instructions below except, add water to bag before
adding MRE. When hasater begins to fsel warm, add MRE to bag.

*To heat thawed MRE: Follow Instructions below.

*In cold weather, heater can be placed in BDU pocket to heat MRE.
Make sure folded end of bag Is up to prevent water from jeaking out.

Figure 8. Frozen MRE Operational Instructions

b. TECHNICAL CRITERIA: In addition to meeting the operational criteria,
the FRH also met technical criteria for weight, water and shelf life
requirements. The U.S. Army required that the FRH weigh less and require less
water than the current method. Compared with the 30 gram weight and 12 cunces
of water required with the trioxane fuel bar and canteen cup stand
respectively, the FRH weighed 30 grams (including bag) and required two ounces
of water, or less, to activate. As discussed in the background of this report,
previous evaluations also indicated that the FRH was desired over any other
method of heating, including the canteen cup stand, since it required less
water, was less bulky and easier to handle, and did not require cleaning after
use, The shelf life requirement of a minimum of 3 years was addressed by the
manufacturer's claim and Natick's accelerated storage tests. When requested by
Natick, ZestoTherm provided the following statement regarding shelf life:

"Given our available data, ZestoTherm certifies the FRH will
maintain its required performance specifications for a minimm

of five years after the unit's production date. This certification
assumes that the 2.5 mil polyethylene bag which encases the FRH
has not been damaded and that the product is maintained under
normal storage conditions."

Natick conducted accelerated storage tests at high and low temperatures and saw
no adverse effects on the heater performance. However, FRHs stored for 3
months at high temperature and high humidity (100°F/90%RH) increased the

ture of the entree an average of 12.6°F less than FRHs stored under
controlled, standard conditions. It is theorized that this decrease in heater
performance is due to slow water vapor permeation through the heater bag which
is held in a very humid environment over time.»” The water vapor slightly
activates and expends the surface magnesium particles in the heater pad,
leaving less reactive material at time of use.
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c. FRH AND BY-PROIWCT SAFETY: The U.S. Army required that the FRH ard its
by-products camply with the applicable safety requirements with respect to
basic usage by the scldier and when used in enclesed she'ters and vehicles,
Hydrogen gas is a by-product of the chemical reaction and has a relative
density of 0.0695 (air=1). Hydrcgen gas is easily ignited and its flammability
limits in air are 4.0%-75.0% by volume. In a report provided to Natick,
ZestoTherm summarized safety information relative to the hydrogen gas
by-nroduct produced by the heater pad reaction. In general. the repocrt stated
that the reaction of each pad releases approximately 8 liters of hydrogen
{0.28256 cubic feet) which is relatively harmless in terms of_detonation or
flanmability because it rapidly disperses as it is oroduced. 2 calculations
were made for the volume of air which, homogenecusly nixed with hydrogen, would
produce the lower flammable limit of hydrogen. For purposes of the
calculations, it was assumed that each soldier used two FRHs tc heat the MRE
entree, and that each soldier's body displaces three cubic feet of space. The
calculations preduced the following maximmm enclosure (vehicle/shelter) sizes
that would contain a flammable air/hydrogen homogeneous mix:

One soldier, using 2 FRHs = 17.128 cubic feet (a 3'x 3'x 1.9' roam)
Four soldiers, using 8 FRHs = 68.512 cubic feet (a 4'x 4'x 4.3' roam)
Thirteen soldiers, using 26 FRHs = 222.67 cubic feet (a 6'x 6'X 6.2' roam)

As can be seen from the calculations, a flammable homogeneous air/hydrogen mix
would only occur if the FRHs were used in a very small encloswure with no
ventilation.

The heater bag was designed to remain open after the heater pad is
activated to allow steam and H, gas to escape. The user is also instructed
to insert the FRH into the entree carton to restrict the volume of air in the
heater bag, thereby preveating flammable or detonable gases from accumlating
in the heater bag. Although hydrogen was flammable cutside of the heater bag
if ignited at the points where the hydrogen gas escapes to the atmosphere,
tests showed the flame was barely self-sustaining. ZestoTher stated that
ignition could occur cnly if a flame is held where a high concentration of
hydrogen flow is restricted, and S.hat a hazard Jdoes not exist if food packages
are heated in a ventilated area.?l

Tests were conducted in enciosed shelters and vehicles to address concerns
regarding flammability. The results revealed that the threat of explosion due
20 the emission of hydrogen gas would be improbable, as would the threat of
asphyxiation due to the displacement of air (and oxygen). 4 1n addition,
calculations performed by the Test and Evaluation Command (TEOOM) indicated
that the levels of hydrogen emitLeT by FRHs used in tanks would be below the
lower flammable limit (i.e., <4%). 5 Nevertheless, since there was always
the possibility that a flammability or oxygen depletion situation may exist,
the Manpower and Personnel. Integration Division (MANPRINT), SSD, developed
precautionary warnings which were placed on the FRH heater bag instruction
label (Figure 9).
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WARNING

1. Vapors releasad by sctivated heater contain hydrogern, 8 flammable gas.
Do not place an open flame In the vapor.

2.Vapors releasad by activated hester can dispiace oxygen
When ten or more heasters sre used Insids s vehicie or snelter, ensure the
ventliation system is opersating or a top hatch or door is open.

Figure 9. FRH Warning Label

d. FRH AND BY-PRODUCT TOXICITY: The U.S. Army required that the FRH and
its by-products nust be nontoxic and must camply with applicable health
requirements. Toxicity tests were conducted on the FRH and its by-products by
ZestoTherm, and hy the 1U.S. Environmental Hygiene Agency (USAEHA) at Aberdeen
Proving Ground (APG), MD. ZestoTherm's toxicity tests were conducted in
accordance with the Federal Hazardous Sabstances Act (16 CFR et al), and
included tests for primary skin irritation, acute oral toxicity and eye
irritation. Based on the results of these tests, Zestdtherm concluded that the
FRH heater pad migenals were not classified as toxic following oral, dermal or
ocular exposur The USAEFA also assessed the ZestoTherm heater pad for
health concerns including residual water contaminat.on, food contamination,
toxic gases in enclosed spaces and asbestos. These findings, which were
reviewed by the Office of The Surgeon General (OTSG) and endorsed by the DA
Surgeon General (DASG), are publi~hed in the Health %azard Assessment Report
(HHAR) on the ZestoTherm Chemical Flameless Heater.*° Regarding water
contamination, USAEHA determined that the residual water remaining in the
heater bag following the reaction contains magnesmm hydroxide (M3 (ki) 5]
precipitate, oommonly referred to as milk of magnesia, and reduced iron, a
cammon source of iron enrichment in foods. The FDA lists MG(OH), and reduced
iron as food additives that are generally recoonized as safe (GR&S) for human
oonsxmption Natick ncted that the high pH of the residual water contriwmuted

precipitate, and experimented with varjous acids to lower the pH
to keep tﬁe MJ(OH), in solution. The addition of adipic acid to the heater
pad decreased the amount of precipitate. Other by-products present in trace
concentrations in the residual water are traces of plastic powders, silicon
dioxide and the wetting agent. The plastic polymers are considered nontoxic
when taken orally, and silicon dioxide is approved as a direct food additive by
the FDA. The wetting agent, linear alcohol alkoxylate, may be consumed but has
been demonstrated to cause diarrhea and hypoactivity. Overall, accidental
ingestion of the residual water remaining in the heater bag following the
heating reaction is considered safe. Regarding food contamination, it was
determmined that as packaged in the heater bag, there is little possibility of
contamination of other food items in the MRE from the FRH heater pad. However,
it this should occur, focd is still safe to eat because all the ingredients
used in the heater pad are FDA approved food additives or exhibit low toxicity.

Regarding toxic gases in enclosed spaces, USAEHA teste determined the
average volume of gas generated by the FRH reaction was 7.9 liters, but of that
amount, the average percentage of hydrogen gas was only 56.0% or 4.4 liters.
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They predicted the level of oxygen in various vehicles assuming all
passengers/crew members were using the FRH. None of the predicted levels were
less than the Cccupational Safety and Health Administration (OS‘-IA) allowable
minimm of 19.5% oxygen. USAEHA concluded that heating the FRH in enclosed
locations does not present an oxygen depletion or asphyxiation hazard, but
precautions should be taken to provide natural or mechanical ventilation. The
FRHs were also tested for asbestos because ZestoTherm used asbestos in the
original formula but claimed to have since removed it. When analyzed for the
presence of asbestos, none was found.

Rased on the findings of the safety and toxicity analyses of the FRH and
its by-products, a Safety Assessment Report (SAR) y3s prepared by Natick and
approved by the Natick Installation Safety Office.*’ The purpose of the SAR
was to outline any potential safety and occupational health hazards to user
personnel resulting from the operation of the FRH, and to show that adequate
precautions have been taken through designs, training and warnings in the
operating instructions. The SAR was also used as a reference to minimize, as
much as possible, any danger to troops using the FRH during future TEOM and
Airborme Board Tests.

e, MANPRINT REQUIREMENTS: In accordance with the criteria listed in the
SON, the FRH had to meet MANPRINT requirements in the areas of logistics,
supportability, safety and human factors engineering. Safety and toxicity were
previously addressed in the HHAR and the SAR, in which the FRH was determined
to he safe for use by the soldier. However, several other issues in the areas
of logistics, supportability and human factors needed to be adiressed.

Since the possibility that FRHs may be used for heating meals on board
aircraft, Natick conducted tests to determine the effects of rapid
decompression on an FRH in the process of activation.”® If an FRH was being
used on an aircraft at high altitude and there was a sudden loss of cabin
pressure, the sudden decorpression would cause an instantaneous expansion of
the liquids and gases in the FRH. The concern was that the sudden expansion of
the liquids and gases might rupture the heater bag and possibly kurn the user.
To eramine the validity of this concern, the FRH was activated in a vacuum
chamber and a vacuum drawn to simulate sudden decompression at approximately
23,000 feet above sea level. The MKE carton containing the FRH and the MRE
entree was observed to have expanded a:d a slight amount of steam exited the
heater bag during sudden decompression. MNo rupturing of the heater bag
occurred and it was determined that there was no danger to the user.

Technical Document Preparatjon

A Technical Data Package (TDP) was developed for FRH production
procurements. The TDP contained the requirements for the FRH design,
performance ard packaging. The resulting specification for the Heater, Ration,
Flameless (For MRE), MIL-H-44398 Smphasized heater performance rather than
detailed composition and design. This would encourage competition and
creativity among manufacturers, since they were not restricted on the
camposition of the FRH as long as the end item met the performance criteria.
The heater pads were required to be composed of the supercorroding alloy Mg
vith five atomic percent Fe. However, all other alloy additives, such as
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fillers, binders, wetting and flow agents could be used at the manufacturer's
discretion to enhance the performance of the heater. In order to meet military
requirements for weight, the heater pad was required to weigh 20 + 2 grams.

The paperboard cover for the heater pad, the heater bag and the instruction
label were specified in detai:. Drawing 6-1-8920 depicted the instruction
label and was referenced in the specification.

End item testing included tests for leakage, heater performance and
by-products, and label legibility following the reaction. FRHs were required
to pass leak tests for several operational and safety reasons. The heater bag
had to be leak-proof when the soldier received it in order to hold the water
necessary for heater activation. Heater bags which leaked might also allow
accidental activation during transportation and storage, which not only could
present a safety hazard due to the emission of hydrogen gas, but could also
expend the single-use heater pad. A heater bag which leaked could also allow
accidental spillage of water containing heater by-products into a soldier's eye
if held up to facilitate reading of the fill lines. The specification was
later amended to require leak testing following rough handling to account for
the abuse which occurs during shipping and handling. Heater performance and
by-products tests were desianed to examine basic heater performance in a
laboratory setting. Performance requirements included the heater's ability to
provide a 100°F minimm temperature rise in a water filled MRE pouch in 12
minutes or less. If heaters could pass these stringent tests under optimal
laboratory conditions, it was expected that FRHs would perform to an acceptable
level in the field. Restrictions were placed on the by-products produced by
the heating reaction. These restrictions prohibited the emission of
objectionable odors and limited the amounts of magnesium hydroxide precipitate
and residual water. Testing of the heater bag label and instruction markings
were required to ensure that important. instructions for removing the MRE
following the reaction were legible.

As cited in the SON, the Operational Concept was to initially make bulk
packs of FRHs available to supplement existing supplies of MKEs. The decision
to package one FRH within each MRE had not yet been made. Therefore, a
shipping container designed to contain bulk quantities of FRHs was incorporated
into the TDP. The bulk pack contains 288 FRHs with each FRH individually
packaged in a hermetically sealed heater bkag (Figure 10). Since a palletized
unit load of MREs consisted of 576 MREs, two bulk packs of FRHs would
adequately supplement a unit load of MREs. The 288 prepackaged FRHs were
broken down into 24 shrink-wrapped nnit packs. Each unit pack contained 12
FRHs. Thus, to provide each soldier with an FRH, one unit pack would be
distributed with each case of MREs at the time of issue. The bulk pack design
withstggd military rough handling tests as well as p<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>